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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light-emitting device, which can 
be easily manufactured and can precisely control an output position of a 
light, and an optical device using the light-emitting device. 
SOLUTION: A first light-emitting element 20 and a second light-emitting 
element 30 are formed on one surface side of a retaining base substance 
1 1. The first light-emitting element 20 has an active layer 23, composed 
of GalnN mixed crystal on the retaining base substance 1 1 side of a first 
substrate 21 composed of GaN. The second light-emitting element 30 has 
laser oscillating parts 40, 50 on the retaining base substance 1 1 side of a 
second substrate 31 made of GaAs. Since growing of the first light- 
emitting element 20 and the second light-emitting element 30 on the 
same substrate is unnecessary, a multi- wavelength laser having light- 
emitting wavelengths of about 400 nm can be easily obtained. Since the 
first substrate 21 is composed of material which is transparent in a visible 
region, positions of the light-emitting regions of the first light-emitting 
element 20, and the second light-emitting element 30 can be controlled 
precisely by using lithographic technique. 
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«X}#Sf*i 1 «c*tor*iRWK:«K3h-ctiS a fteo 

r3£»»2*aaL, ^f*3<Drtas^6^SPtcfS]^or 

1 3#«AKKClBK3ti. f>4 ctcW*7^1-6 c*ft 
OrnWS*2 9*ias««*cJ8|ft3n. t>4d<ctt7 
-/ + 6 d L T n ««« 3 3 ^S»ff)(cSSt3 tlT t > 
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£ 0 ftfc. CCtlt 4$<Db'>4a-4d?:IA/^ 
f9srr£c<b#-c#s 0 Wx-tf. ffiJ^l 3££l#2f*l 

[0 04 0] C <D<£ ^ ftffe7t$Sg 1 OA^XW^L 

T$?jrr&c<h#T£& 0 a3-05 fyfc£SHio 
[o 04 i ] sr. H3 (a) ktro/cj^cc. m 

f?4OOiumgg0nSGaNJ:»?J5:^l^l 10 
I2imtl, COfl CDSffi2 1 CD^ffitC, MOC 

FB22. I nGaN^ B s B <fc9ft£*£14fI2 3, p32A 
lGaNISJ:^^MM124, pIA 1 Ga N 
iaiDMpS^? FIB 2 5WO'plGaNJ:«3 
ft£pffiiJrJ>* * hH2 6*!KXl£fi3i*4. ftfc. C 

WB75o^i i o o^c^tt^tiws-ra. 

[0 0 4 2 ] X^V, 03 (B) te^Ofc:<J:5CC, pffl'J 

h@2 6CD±CC0^Uftl>^X^£7fc/?S;U P 20 
ffld:n>£? hf!2 6 4SctC/p^^5 ^ FJf 2 5CD±HglS 

FB2 5*Slffifc:»tiSl**. ttt»T. pfflja> 

5?^ hH2 eio^u^i^x^^^jfflL/r, p3>£ 

^ FH2 5(7)^M*sJ:0'pffl>Jn>^^ F^2 6c7)PJffi 
£S5 J: 5 K«fii»B 2 7 txwr £o 
[0 0 4 3 ] mmz l^WL\jicO>%, pffl(Jn>£* 

h@2 eo^ffl^^-ecofi^^, >^v*? 
So jgtc, fjta-r&xH(c*jc»x»i costs 2 i (omm 30 

[o 0 4 4 ] «i»r 4 m\ <omR2 1 (DjlOTOJCe, 
ir*««4 o©E»ttB«c»jtur»fiiiwi 4£ffM; 
U *©±ke*i 3 ttc u— <f%£« 

5 0<DBBKffiatc»j£Lr % Wfctt^fr^fcitfTrt'S 
nffl*S2 9*»J5STa. JM*tt 
CCt*. Eflii 3*5<fcO f nlBSffi2 0*. p«n>*^h 
B2 6**^<fcLr6 0amStt-€-n-en(ltlHb^:iaB 40 
WMWft. S1©1R2 

1 * pJWWgfc fcC > r jgW ft G a N fc J: 0 tJSsST Sift 
(c. uii<DStR2 i±cc[5jc< ojmss^cccfet^r^ft 
ftfUHKI I I -v^ft^#S»i:^ftSSB*Sli 
oti>£<dt\ KH <DS1g2 HBJ*»6pfWSe2 soft 

CDS^2 1 ^«jf3cTSGaNO®K^m^r, 50 
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S*g2 1 <D&Z&\ 0 0 amigt^ott>, 

y jumfcte^rm l os«2 l tfSdftr 0£ ^^o*s 

[0045] ESI 3fe<fcVn«J«fig29«r}BeSU/cCD 

©ft. CC*C«a^l^l^i. Sll<D*«2 1*W*.« 
p RISS 2 8©fi3*|««:»LTaHJC»fS©«r»H 

[0 04 6 ] Sfc— # k H4 (A) K^b/ci^C. pj 
3 5 0 fimli&CDnSGa A s J: 0ft £02 
<DSffi3 1 iJBSU CC0l2Ol«3 lCD^HCcMO 
CVDffitc«fc*K nIGaAs<fc0^^^77l3 
2. nfflA lGaAs«Jl«fc»)&an3S*S* F»4 
1, Al„ Ga,., As (fMU x ^ 0 ) igUJ; 9 ft £ 
rS14H42. pgSA 1 GaAsfiflJ;Dtt*pSa*7* 
K@43i)J;U f p^GaAsJ;0A^pMt^ 7*® 4 
4£»£/£:S£i*£ 0 ftta, cn6©SBftflEfiS-ltS 
BgfCtt, 02CDSS3 l<DiBffi4«|iU27 5 0 ? C-8 0 

o'ctc-en-entBgp-rSo 

[0 047] 04 (B) tC^L/cJC^tC, pi 

+ ^•^144 ©JbCC U— •fffciRSW 0 (DBf&f-^WM 
CCWCBLT U^* FKRi £ff£firr£o ^O©^, CCD 

^> yjR*flai^r p + * :/B 4 4 *»!RflKC|$* 
U 7 vBISOif ^>^R4fflC>r pS*t v ^B4 
4, pfi*'??FB4 3. r£t£J14 24i5,£tfnM^ v 

f@4 i cdu^^ hSiR! KSfrftTi>ft^gi5#£-en 

[0 04 8 ] ttl^T, 05 (A) OC^L/cJ;^ 0iR 
tfMOCVDffiCCJ:*), nSInGaPfiflJiO&a^ 
77715 1, nSSA 1 Ga I n PfiflcfcQftfcnS!* 
79K15 2, A). Ga, In,.,., P (fflU 
0^y ^0) SSJ:Dft-2>ffit4@5 3, pSAlGa 

I nPI B e 0 J:O^P^7 7 FB54fcJ:tfp3SGa 
AsJ:»)ft*pfla*i»y^B5 5*J«;>adEfi3i4-S. ft 

cd^s^phx.^6 8 o °cmmc*ti?txfflB?z> 0 

[0 049]f©©^, 135 (B) tC^U/c<t^(C. p 
§2* + 3» 7*^ 5 5 (D±K U -If »J6SP 5 0 OJgliR^ £« 

^^7FB54. r£ttil5 3*J<fcCXn^[^^ ^ FJ15 2 
[0 05 0] U^hiR, ^K^L/cO^. 06 
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(A) ICffkLtcJzviC. fflx.it. pSf++ v 7'J14 4, 
5 5<D±t,cmmLte^M<*>Ti!Vi<D-7Xi>%:BlS,l,. pi 
* + yy'M4 4, 5 5isJ:y t pSl'7 7F14 3, 5 4 

<D±mmc a * >&a&cc n m*mi$3 

*@A-r&. cnccjco, ^«j#jgA<*ft/c«®rat& 

ISftSft. m^^a^i7$1^4 5. 5 6£fc*. &*s. 
CCTtt, 'JV ^7 ^KfflC'TpS+t s> -7114 
4, 5 5<D{4g*tlS-T'SJ: J JtCL/r^-5©-C > 

©{£g£fi ffi jcfljffli-e ssjiMc&o-tn-s. 

t005 1]tS7 , O-^f^45. 5 6£JfMGfc© 10 
136 (B) tC7r0te«k^lC. pS+t *7'JI4 4, 

ff^-rs. mjc. at2©s&3 i <Dmmmzmz.ii7 v 

3 l©JS<*&mtfl 0 0 Mmfia?£T-5. C 
©S2®Si3 lroxvnitc. iiWv-'? 

&tS§|54 0, 5 0{C#t a ©nffliJSffi3 3*ffM-T^„ * 
©©*J. A]ltM!iS6fTl>. pfWJ^S4 6, 5 7teiyn 20 

fflij^ffi3 3^-en^n^fb-rs. Wic. ccmiis 

Ofrl<>#s. |&2©Sffi3 1 *Pd;U*pfSJtSH4 6. 57 

©*3#fafc#i/TSfi{c«ffi©*riWBL. -e-©^pg 

*^3 0*iflFS33n-5„ 
[0 05 2] C©«t^>(CLr^ 1 0 4s<tO' 

» 2 <v&itfF&- 3 o ^-en^nfES* l- fc©*> . 3ti#af* 

1 i ^ffl^ u emtmmm 1 2 cu: g* 1 ©r**^ 

2 0©«MiH2 7:teJ:y ; pWSBffi2 8£3£J#£f*l li 
^SSfTS. m{*S*Hl 5tcj;«3^2©f£7t 30 
^T3 0©pfflM®4 6±ia®l 3t=SrJS«TSi« 

(C. 1 6CCJ:«3^2©»*ST-3 0©p|Bj 

HH 5 7 £ $ 1 ©2£#31T 2 0 © p WIS® 2 9 £ 

cntCfcO, 01CCinL/c#feifcg!EBl 0A#3E)jX 

[00531W, et-ctt. *flK©';yy57^« 
fiKflWJ:<*dE3*ifcpE*+»:7Ji4 4. 55i5 

[0054] 1 1 £31 1 ©&3fcJlST- 

2 0. *J<fc{>*m 1 ©»**T- 2 Oil 2 ©»#*■?■ 3 0 
£*B««C««-r4«^K:«. »«JB1 2. 14a, I 

«tc»|«-S»IUBCWKfiS*m J: 0 fc»»5©Wl.»tmtc 
J: QJBOr&C £***?* L/t>. JWWJtctt. «*tf. 5fc 
<ctiMtr&^Jate&£*X£©d&CCJ:9J&dtU 50 
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«:««^*a«JB*^X«:j:OJBtfrrs. c*ucj:»j. 
#gfcJ±fCftlS&L&< -c4>PI^«:«ii.»rJU9fc«*3-tt' 

[0055] C©SfSg 1 0 Ait. IZKilfcJ; 9 

iK«nfts*i, ^©i^tctfcfp-re. 

[0056] C<D&.li$im. 1 0 AtB, -j T-%> 1 © 
f> 4 c fc =tO'b'> 4 a ZftLXm 1 ©^JfeJRT 2 0© 
n ffijm® 2 9 £ pfflm©2 8 £©ffl{CSEE*«EPflnS*i£ 
£. »Stt»2 3(C«t**i£A3ti. **-iE?L?MS£«: 
J:t)f6*)6«iBCO. SlOMii L 2 0A>^4 0 0nm 
*^©ttft©#*«ttilt3*i4. S/c. f>4 dteWf 
>4 b«r/r-LTSI 2 ©*:£*■?• 3 0©nffl(g|@3 3£ p 
WM184 6 i©Rflm^©tilE#EPttl;?*-i£ £, ?SttB 
4 2 Ccils&asjiA 3n, IT- iE?UWS^(c «fc 0 8ft 
|3C0. U — !f££igaiU 0*>6 7 0 0 nm^©ig<D36 
rtSffitteftS. WiC. b , >4dfeJ:y't>4c^l/t 
MI2©|6^-?3 0 ©nfflijm@3 3 £ pffliJS@5 7 £© 
HK^©mE#EnJHJ£ft6£. rS1*feJi5 3 
ASft. *-7-jE7LW«S6«:j:0#6**«c 0, 
A8iSff5 0^60 0 n m#©»S©##ttl#tS 

» i ©jwwcm o ns. 

[0057] MOISCBifcMtSA!. C C 

Xitmi ©S«2 1 *5Jt$j<WI»(£;^©iii^W*4{C«fc "5 

^3*ir^.s©r, u— y^jg2fJ4 o*/c«u— tfn 

mSI55 0(C*jC»r|6^.U/c^«. mi©S«2 1 te<fcj>' 

[0058] c ©J; -5 (C*»fi©^CC^S^^g 1 
OAlC&tiit. mi ®5&tm*2 0£^2©?fe^ih3 
0££$HTSJ: ^tc L/c©-C. i&\\M3k I I I -VJS 
ft^!f?!l¥j«ft(l£A 1 GaAsSfo«tCNA I Ga I nP 
*©I 1 I -V)^fb^¥«f*)i£*|3I-S«JitCJS5 
3««ie««tQ: < . ^M^C 4 0 0 n mffi'&<Dftfcmm* 

m?z>&w.&v-*rzmz>ctft-cii%. i-,t, c© 

2fcfc«gl 0A*ffl^ntf. W^.(*«S!affl©^{CJ; 

x z&i&z'gmicmm-rz c £*sr# s. 

[0059] ^ 1 ©^te^T-2 0 ftWI&X I I 

1 -V^t^^jgftll'&WrSJr^tC^O, 40 0 
nmmr»©igg©**{iJWBjfig£Lfc©-C > C©»»» 
gl OA**T r ^^^SIg^£©^g(C^4J(-rtvl3;. 

[0060] £tc. mi om®2 1 *B]»«i(HC*t»r 

^7 ^ttj*i?rffli.»T:fig«rS<fc< nfflim€52 94a«ti>'IB 
i^l 3*^T-5>C£*5T-t. Uy^7^ffi|5*ffll,' 
T(4SfBSJ:<Jf5RRSn/c»2©«^^3 0©pffl"Jm 
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2 o omntmwaj: urn 2 om%m* 3 0 oftitmmo 
{mznmfcmwtzct&vzz. sic cn6©ra 

0. S0lCi<si.>Xftjt<Df&K.$ti&lstc&%mi<?>&&2 

1 £/r 0 r m^fricyitmi* 1 1 ccjS&ffcT sctm io 

S„ <fcTC. Sll©&:ftf^2 0©±&c3l2©&:fc3t^ 

3 0£i2ia:L/T4>. J|i2©|fe5fcgiT-3 0©SK±#?*K 

itc#. fiB$RflKiSoT£^ct&fl^tt£ci#T'£ 
[0062] CCD^^g 1 0 Att. WtffS 

4>©-C*e„ c©*^ * ^te&s^gw:. jfcs©n 
©-e*£„ C©*yw*?tBifS£*SS«:. *mm<DB 

muzmz&xMmii 0 a. *j<to-$utaisi5i 1 loaianc 

1 0 Aj^HIJWS tf/ci^©f&7fci&g© 

Jfc. tt£t>*>. tr-A*^"'J ~j Z 1 1 2. 3LM-*U 
>X1 13, 3 5-114, gaa$lJRK7'^^— ^1- 1 1 
5, *f«JU>Xl 1 6, fI-5f:ftt*lfflfflU>Xl 1 7. ft 
^tfeHifflSftSW 1 1 1 8*J<fcO'ft#7tH^lHlg8l 1 9 
4iiTI->S 5 30 
[006 3] C ©^-f * £IE&ff£$§g-C«. 16*11 

gi o^e.m«ofcmt*^a©A^^aiw*L 

U>X1 3 S-eW-tfltlCZtl. 5 5-13 4-CSWf 

■2.. ccds 5- 1 3 4vs.mLtctamyth^ t «. pap 
mmr i i 5*jijsi/fccD%. %mi>^x\ 1 
etcjr^ftsnr*^ *?DccAitr-5. cftw:.* 

ii oA^e.tbsiL/cpuisffa^^tbs^L.,,, ». ±m 

b/c^fC&fc^S^igTTfc-jrw X*DU:A!Hl/fc© 40 
*S. ftfw X^D-CSS*T2.. C©J5*t#U., li. *t 
»U>X1 1 6. ^□$IJ1®T>'<-^1' I l 5, $7-1 
14. =JLM-£P>;0 latoiO't-AX/'J^ 
1 1 2£irc. ft^^JUfflU>Xl 1 7£j&SU ft 
#7t^tBfflS3fe^l 181CA34U CC-CfSSWi#tt 
^fcSttfctS. <f ^B£H£1I5S 1 1 9tcfeC>-Ofc7*v * 

* d ccstii* titcmn<om^m7 t>tiz>. 

[0064] &fe. ***fi©««l«:^SfE*^g 1 0 A 
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tHWftU., £2fc-r*J:5K:&-?-ci,>6. iot, c© 

L.. t &*m<Dft¥&*mmLxmjz<z>®wi<>cm< ct 
'j^bte<to'(S=ix MtSrHirrsciAJT-ss,, £fc 

flettifflS*^ 1 1 8) &Ci£f&T£K!ltftL,., OfitS 
<fc*B!ufc*s. -Tfcfc*>. ***©K«-*«fl«:tf^ 
fa±3t»-SC«!:#-Ci*£. 

[006 5] $ fc. ^^©^©fe^g i o aij, 

40 0ntniirt£. 6 0 0 n mImto&Vl 0 0 n m^©3 
?&S©2£7fc£f#-5 C £ ifiX * S OX. CD - ROM (Re 
ad Onry Memory) , CD-R, CD-RW. MD, DV 
D - ROMfc t <Dmt<0&W3tT : a 7, *«#?!&© C <t . 

£(,>:bs9>3DV D- R AM (Random Access Memory) , 
DVD + RW«5t,>BDVD-R/RW4c"©B*>. M 
tCffb>niBftffft <«*.«2 0 G^-f hfiLk) 

-^X^^giL-rjiniSn-CU^DVR (Digital Vide 

0 Recorder) SfcBVDR (Video DiskRecorder ) tC 
ffll>4*f^j>) tco(,»-c€>-. leiS-fl^^f^Ci 
*SbI^£ C©<fc ^ ^^^©la^ojtfe&^fif-' 

x^^*ijffl^-^c£*J-c#n«. ift^-f^iaiiif 
^WH-cisff a < s£T s c t ffi-e # s . 

C 0 0 6 6 ] CCCtt. I6*^S1 0 A^TT^^-f 

!? (MO ; Maqnetx>-optical disk) & £'©12^ • Wg.* 

n i tcib<D%mm.? 4*>?%m$>z>^ \%im<m.w.te a 
[006 7] [m2 ommmm] m s «. *^cdh 

2©HJfe©^(K:(^S^SISl 0B©»rB«jg^T 

4>©-c**„ cco^gioBit mi<Dmm<DBm 

©»7t4lgl 0 AK*JW?>^2©^;^3 0tcRx.r 
m2©|63t^6 0«rii^/cC£«rl^#. ffSli#E^g 

1 o Atm-<DWi&, im^u'nm^Lx^h. <t 
■o-c. ^i©SJfc©^£i5i-©»e£gigK:«i5)-©?? 
nzttL. ccr«^©i?tffl%iftDj4^Bsrs„ 

[0068] **M©^ietcij^^2©^^6 0 
«. m 1 ©HJfi©ff5^tC*JWi^2©^^3 0©U 
-1f^JlSB4 0(c^r5 OOmnS (Wx.«> 5 20 
nm) ©*=&m«aJ6fe«cU— ^l£JlSB7 0 5rfi^.fcC 
£. *iJ:OV-t^7rH3 2«rtt^ri,^w:l>C£'&Fa*. 

fs«^2 ©^t^T-3 o tm-owmz^Lx^z. 
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[0069] u— <rftmm7 o**, m2<om^3 \<ox 

ftmt*\ HPJJCC, fflAtf* /**7 7«7 1 £4>0T. n 
SU*^ KH7 2, ^YF173. *St4@7 4, F 
H75. pS^7vF176, SH0p1*S(*17 

7. *2©pfi*«*B7 8. pmm^mi9^u 

pf!B3>$f ^ HB8 0#!S2(D®tE3 1<DJM*»6C<D« 
(C«JBSn/c»l«4rWLT(r»*. Cft6<D§IS«:. «* 
«. ffiiS (Zn) , *K5^(Cd), *IR (H 
g) . ^'J'j^A (Be) fccfctfv^^A (Mg) 
i5tt4SJHWfflH»l«*C*W4 2A*fctt2BI!OT3R 10 
«K>5%<Dd>*< £fc 1 mt. W((S), -bUXS 
e) *5j:tf7^/U (Te) <fc 0 tt*SJSJBSJSJW*tK:fe 
W4 6Bte5£*8(D5 5<D4>«c< t*b l«£«rftfr 1 I 
-V I«Hb«1M£Sf»CCj:Q*a3nri»«. 
[0 0 7 0 ] Mfc&ttaz^ M^7r«71W % 

nSWSliLr** (C 1 ) AiWUdtifeZnSeH 
teJrtf n S7Mtt& t> ri&3R#aS«J3 ftfc Z n S S e iB 
AK*<$2 0>S1E3 i©m*>6C©0K:fiaR3ntet>o 
■C*0, *<DWSttWiL«l 0 0 nm"C*S. nS!*-? 20 
?F17 2lt Wxt*. I§^umt*0, nSW 
Ortt*#i8»3ftfcn3!Z nMgr S S eMUCCj; 
9flMt3*iTl>&. *f-f Ki7 3tt. m«. mstfi 
0. lMint**), nS^««JiLT«BR*«aSfflStiA: 
nSZ nSS ei^*-SC»«^»6«W*T«»PUftCiundope 
-Zn S S effiBK<fcO«0E3ftTl»*. r§ttJ17 4 
«. W*tf. BS^OnmrftO, fflsJE©»fe*Zn 
. Cd t _„ Se (fit. x^O) »atcj:»)*ti*ti^ 

j&3 ftfc#Fit tv< y ri t.<D^a«^#F«ji*# o 

[0 0 7 1 ] KJB7 5tt. W*tf. 153**0. 1m 
mt'*l pST«iLt^f»)ia$n/cpIZn 
S S eSAA^l^^M^&SRttlOttt^undope- ZnS 

■casR^SStoSnfcpfflZnMg SS efiatCiOflUK 

snri**. »i ©pss*sw*« 7 7 k % «*tf, «3 

ytpfflZnSSe«atc<fc«3«dE3*iTC»4. S20P 40 

mm&itmi 8«, «s#o. 2^^^ 

p STMtt <t L r UbmUnS ft/cpMZnSeK;J;9 
DteSStiro*. pSMtM4B7 9tt t J13# 
35nmt*l p®^RK«!i L/-Cfi3R*«jR»l3*i/cp 
SZnS elipST^iOtiiWttiati/cpS! 
Z n T e g|&«KA£(Cini 3*1-5 C £ tcj: 0 «JiK3 ftT 
C>*. pWJ^>5?^ hH8 0«, Wittf. 113*50. 1 
/imnO, pffl^MttiLTBSfc&siSansnfcpSaZ 
nTefcJ;9*8fiJc3ftr<,»£ 0 

[0 07 2] ttfc, *l<Dpffl¥»tt«7 70-». S 50 
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2<DpSS^2S(*J17 8, p8Mtt?M7 9feJ:Ppffl:a 
>**FJB80tt* ftJRSj&lSJCCSfiStifcfBl^tti 

64rtl»S. pWJ3>^^ hB8 OfCttJfrT 

•SrSttH 7 4 <Z>««##Hfc«« t ft o r C » 4 . 
[0 07 3] p«3>*^HB8 0©pSaa« : F)B7 9 
£J5»«c«:. pfflfl»ffi8 2#»lS3ftrt>4. C<Dp 
ffiiJ^S8 2«, p»J:a>** FIB8 0©fflJ*> 

6, (Pd) , a^cfc^^HH^BL/r 

8 0&«»Wfcffitt3*VCl>*. C©p«J«ffi8 2«\ 

*/c. !Stn 5**tI/ckhii 3±«»«kc««3*i 

[0 07 4] COJc^ttHllSfciWrS^iaBiBl ob 
tt, ffe£3£gl 0A<O»2©»jtgRT-3 0CC«;Ar*2 

©ftatsR^eoijeaEr^ci*!**, mi<omm<om 

[0 07 5] iTftfr^ » 2 ©*^*6 0 
BSfctt* *T0 9 (A) fC7j?LfcJ:9tc, JBlOfiifccD 
Bi&tmmiCLX* WAtf, nlGa As J;^j:Sl2 
0»«3 l<D«ffiK:nSI nGa PMJ:|}ft4/<?7 
tI51, nSSA 1 Ga I nPfi«J:0ft*nS!*^* 

KISS 2, A 1 , Ga v 1 n...., P (flU x£0*» 
oy ^0) fflB,fc9ft£rSttJH5 3, pSAlGaln 
PfiaJrOtt^paa^^^ K154fcJ:^pSGaA s 
J: 0 tt* pffl* * v 7*15 5 fcJKfaMfcd *. 

[0 07 6] :£i>"C\ 09 (B) tC7ni/fcJ:5Cc\ pf 
tt^i55 <D±tt U— <f|ftfiS5 0 OJ&J&HeWtt 
GCfctEGLT, WWJCVD (Chemical Vapor Deposit! o 

n > ttcccfconwt^-fjR*5(r^*a{t^-f* (si 3 

^M«r*JfflLr, ^JA(3:, R I E (Reactive Ion Etchi 
nq: KJ£14-Y:*>x?*>y) ^i'©i^>^f 
C\ p2+t^^B55, p^^^-^HJi5 4, rSttll 
5 3. nl^v K152W^^7i5 1 

[0 07 7 ] ttl^r, 010(A) tC^Ofc^Ct, H 
2 KDaffiCC, MAI2MBE (Molecular Beam 

Epitaxy; 53^Slx f ^ + ->- ) ^ic J: 0, n^GaA 
sBinaZnSeiinaZnSSeiaili*«C© 
IRfcaH3ti/c^<-y7TJa7 1 , n^ZnMgSSeg 
»J:!)44nS^7> FB72. nSSZnSSeSAJ: 
*)tSiZ>il4 FIB 7 3. Zn. Se,., Cd (fMO^ x ^ 
0) JBBJ:0<C*JSttIB7 4, paZnSSelAJ:Q 
«c*//-fFJB7 5. pS2Z nMgrSS eUJ:Qttip 
S^^vFH76. p^!Z n S S eSAJ: 
P^*^(*ia77. pSSZnSeJ:f)ft*»2©pl!* 
^<*IS78, pSZnSeiipiZnTeii^S 
CCS^ 3 ft /c p SSt«^lS 79fc<kUfpS!ZnTeJ:0 
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tt*pfl!l=i>** hil8 0^HH^S5^€>o C 

*Wittf 2 8 o •cmmczti^timm-fZo *v><d%, 

[0 07 8] vX£M£fifc£l//cCD^ 0 1 0 (B) CC 

«:««:/ a * ^ ggifg 8 i otim*mmwc *ft&or ma io 

H180, p%LMfe*m7 9. »2(DpS*^7 8 

feet cwi i cd p mmmfcm i i ©ubswc a * >&a& 
5 0.7 0 <D&itm&<o&w.*mmfc®fexs & & *> k 

[0 0 7 9 ] SaS^d v *m$$ 6, 8l£0EKO/c© 
HI ItCTjkLtcXStC, p^t 7 7'15 5<£glE 20 

:MltpliS5 7Wt^. pfW^>^ 

8o*6^97ri7 i £-e*mm)< f m3k?z>o 

[0 08 0] pffll]n>^^ hJ18 0^'777l7 1 

CCLT, l©lll^i«7 7f>^ 30 

<fctf#V C<Dlf!2<Dg&3 l<DSM!PKCn 

*BS3 3«:«jrr4, i^^r. fttf»*aa*tfc^ p»j 

m@5 7. 8 2fcJ:tfnfflMMB3 3^^tx-en^fbT 
S. JH2(Dg*g3 l*ffitf.«P«««5 7. 8 

2cos$^cc*tL/r^iScc^cDitsr§?MU, -e^St 

[ 0 0 8 1 ] CCDcfc 5 6C*^©»«CCfifi4«Sfci&B 1 
0 B&c<fctU£* 40 0 nmWO%*¥Z%*l&tzm\<D$t 
^2 0i. 50 0 nm^CD*^*pJtfe^U-if|fe 40 
JSSS7 0*J«fcO'7 0 0 nm^CD^S5tplt6^U-if|i 
5 0 £ £Hf 2 c7)&#^ 6 0 4 & J: 5 CC 
b/c<DT\ ^ (Red =R) . » (Green = G) 

(Blue= B ) ©3«(&©****l-€ , tlH«4 , r4»*«ll 

£-r*c£**"C*s. ct-^r, co^T^ia i o b«, 

[0 08 2] ttfc. &3fc£Sgl 0B*7Jl/*^-«inR 

53, 7 4**srr4«f4©«j«*asicna"r*ci so 
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[ 0 0 8 3 ] H 1 2 «. *SBtOHJfflec«*»**8B 1 
0B*fflC^SS8B 1 2 oo«m8«flt«rar fc©r* 
£ 0 CCDSItj&SI 2 0», I2ia§f£ 12 14, KISS 

«si 2 1 co— mmtt&vhtitc*m&oBf&ic&z>&& 

OBtt **i*tiH2«C*LfcJ:9a^»*'- 

agtt) h "J **tt«:EWS*rci>S. ietastfc l 2 
lCCtt, HI 2tc*H>r»H*l/«ri^ ?'J^ft 

Oft«iB« 1 2 2, 1 2 34s J: l*J<DftiIEit 1 2 
4. 12 5WWti»a3htC»5. 
[ 0 0 8 4 ] m 1 3 tt % CCDSkmgim. 1 2 0 ©SggftlUBS 

1 0 B©335»* 1 1 tt7 -f -Wee*:*) J»J»WO«iKi 
1 2 2te««3*rC:b*K »2©#Bte*^e OOnWja 
S3 3»9^^ccj:Q9U^AoAjlE«Ri 2 3«z««53 
htl^. *fc, E«l 3t«f*ft©ftaE«l 24tC 
««3*VC*J>K 1 10Mii L 2 0 0nIli2 9« 

7-<^ccj:99J*iai<D*jiiasi 2 5tc«»snrt> 

£ 0 Cft6<D#iIKiai 22-1 25W, HSOttl^W 

© # s - a a $ n J: 9 &c «c o r i »4 . 
[008 5] ft*s, **ia<o»»<o**»ai 1 o 

^sr^r-i?! (i2)(Dt , >4dWD f t'>4b^l 
r n fflSSS 33<tp ffliJ^S 8 2 4 <DM CC«EEa*EP»J 3 *l 
{Stt»7 4tcS«£^aASti, «^--iE?LSt*^ 
CCJ: OAXaMBC U-f*!B»7 0*650 0nm 
3^Ci ^^^^ 1 (D^ttO^tt 

[0086] [«3 <Dms&<omm m 1 4 

93^tkCQ^IWcff «X3fSe!E 1 0 COKrVttjt^X 
-?b<DT&2> 0 CtD&jm&l OCtt. Il<D^tt®» 
S8<0#fe^«g 1 0 AMVil 1 ©«36«*2 0 

©3li6©»»©»*«« 1 0 A 4 (^-<D»^c, f¥ffl* <fc 
<D«JiW*U:ttBI-<D«P#t«L. CCtBWWlft 
[0087111 ©aafeS^Q 0 1 ©J6*»^F-2 6 
Ctr^l WittfW3#8 0 amfiJgeo-y-^r -fTK 

tm-c**. »i<3E)»**?9oit mi<omm 

■C, ni3>»HB93, dB^9PR22, fStt 
HB2 3, 3£<t05±®2 4. pB>5» KRB2 5fcJ:C>'p 
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flH=i>** FJf 2 6#Sjll<Dgt£2 MomtohZOMtC 

KB2 5 iS*HBJ*c«pffJaffi2 8«?titl^ a 
[008 8]^^rl92tt. I?^3 0n 

nHW*4Lrer-/jR*saa)p3iifcnSGaNK:J:0 
«JSS3*in>-S. nffljrj>** F89 3tt, « 
3#5tfmr*D, nSa^tt«Jt0r^r^***j8»n3*a 10 

[008 9 ] C©nflBn>£* h«9 nli?7 

* K82 2. r£14«2 3. #4bl*lhB2 4. pB«» 
FIB 2 5 4e<fctf pffi!:a>*2 hJI2 6 WBfiKSnTC^jc 

Jb^^A ftNKXWB U r J: 0 dftf b L n ffl 

*©»«rtt, pS^7^*I25, 3Mbl!filt8 2 4 , 
«ttJB2 3teJ:Cf^^^ F»2 2©«BfclI5J:5tcia: 20 

[0 09 0] 3msi*i 7tt. Sfbrjus-** (A l 

SST-9 0<DpfflJ^ffi2 8«C»j£br^JllJ:»3&*IE« 1 
7 a*i»we>n*i*CC. n«J««9 4«:itieur#IB 
iOttiKKl 7 b*SKt*6ftr<r>&. p{RiJ^®28i 
ffiil7a t *5j:^nfflijmS9 4<hi2^1 7 bi^-en 

-en, sirai 2, i 8^/M,rsi>tc«^5nr^ 

30 

[0 09 1 ] &*>\ 3I1<Z>S«9 lCO^Sf*! 7<hS 

. i commcDBmt mmcmn 1 3 6 

[0 09 2 ]^, C©ifc3fc«Hl OCtt, Sri <E«S6 

* ent %$<o % *Kft©±tc»**f* 1 7 *ts^ 

r*4*cc. «Atf5*©e>#B»6h. Sf><b§ 40 
£B113. 17 a, 17b. 1 9 fcitfnOBWEa 3 t 

& v a + cc j: r * ft -e n icmffi 3 n & <t 9 «c * 

[0 09 3 ] C(D»36«B1 0C(t ^Oi^CCb-CK 

[0094] 015 (A) CC^Lfc<fc5CC, 

fi9imtl, MOCVDS;tcJ:0^1CDSS9 1© 
cffi^C, ^J$%^3SWlt^:l^undope-GaN4>i>t^*n 50 
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fflGaNJ:9tt4'<*7T»92*J«ftStf*. *4> 
HR. »1©^9 lOfiaftWUiSOO^tTS. » 
1>T\ M777l9 20±K, nSGaNi945n||J 
3>^^hI93, nSA 1 GaNSaflcfcOfcSnSS* 
5?FB2 2, lnGaN£S<t0^7it§2 3, p 
StA lGaNSB<t«5&S^tl»±H2 4. pMAIG 
aNiBSJ;0&^pS^7? FB2 5feJ;0'piGa N 
J:0fc&pfflj3>*£ h82 6£IRXitKfi£'tt&. Cti 
6©£B*lKg3t*£ISK:«:, !&l©SK9 1©®g£ 

Wii«7 50-1 io o •coafiosscc-en-ensoss 

[0 09 5] Ittl^r, HI 5 (B) tCfrcUfccfc^CC, p 
»J:3>** HB2 6. pS^77P125, mP£ihH 
2 4. ffittH2 3*?J:CXnSS^^^ F»2 2*IB^x^ 
f>^lt, nffijn>5r^ HB9 3©— »«:aB!CCBai 

***«JBLrWl«R I EStC^O p fi*9 9 FJB2 
5 ©JdHMd J: U*p <■=>:'*? h82 6*fll4Ftt£-r 

[0 096];Xi^ -»tlRB«cx9#>yifc* 
8<DWJffi<t pS^7 v F8 2 5©3iBBtCcWl^tf^»ffi 
Br^-f*<fc0 3&-SJ»»JB2 7*^fiSr5. * 
<7Xr>^ *1©S«9 l©SlBBffllJ«:W^L«7^t>y*5 
J:tf#"J ^^>yLT»l©K«9 lO«S*«ittf 1 

o o umm&t-r^c 

[009 7 ]S1(D1«9 l*«<bfc©%. mi OK 
IS 9 10^ y ^ T «9 2 4^ffl|ecBf5e©ta[B«:B»l 

3. i 9**n-eti^jac-rs. ccm snores© 

JHft&Mtlc. SKDSK9 1 CaHMMtcWr^rjm 
tttmccJ:94MKt/'tl>*©'C. m©XJk©X«&H 
StciaK 13, 19 O^fiKfiUBfrfBHHcHiapr » «<fc 9 

[0 098]gl^ 4 pfflijn>^^ h^2 6CDa®fcJ: 
O'^OiS^tc, Wilt a#*sJ:^#*»X 
pfl«i2 84M*rS. nffii]n>^^ 
F8 9 3 ©^ffiKiWittf ^ Jr^Til/ 5 A^Kg 
nlSS9 4 4Mti. MCC flP^teH^: 
frt^ pfl(««2 8*J:iyn««S9 4t*n*n^ 

9 1 *m?UX pffliJmS2 8OS2«Al&fiacc0fCO« 

ntcj:0, *l©»**T-9 0*JfHHS*i*. 

[0099)^1^ WKOSIiSOJKJBiEiaKILr. 
W 2 CD-^*^ 3 0^ ffss-r « o 

[0 1 00] *<D<D%, ^ffitCffitai 7a, 17b^ 
ft*ft»ttLfc30S»*l 7*««L. IKSBl 2tcj: 
^miO^7tfS^9 0CDpffliJmS2 8<bEJ^l 7ai^ 
gar"T^ i*<c. SSP® 1 8 CC«fc 0 n MMS9 4 iffii^ 

17bi^gf«o ttMl 5lc£*)m2<D& 
0(Opfljm®4 6<5:igmi 3 t«r«T& <bft 
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[oioi] co<fc^ec*iBtt<D}Ba«:«*»*«!aii 
OCKJcntf. «1®3&c9 1 <:^HMM(c*C^raVi 

feci: OTB 2 ©»*SR^ 3 0 ©»36®««>ffiiE«:fB»tC W 

[0102] feUL *«©jg«ft*ifr**w*ttWL 

JBl JKT-2 0, 9 0 4d<fc^2(D^7fe^3 

o. eotcovt, *<*Wft«JBfl|jt©-«**tfrtt 

& nwcfljrr«c si© 
**mm£K>mmm?z>mi&±isXi>£^L. 02 

CMS***** l (OftftMl-Z 0 . 9 0 <b mmc rMit 
> ij3>ft 0 & tc J: t) ««»ser £ «R£ i 20 

[0103] SiC, iiSSIffiOJfJSg'Ctt, G a Nifc. A 
1 Ga A sifcfccfcO'A 1 Ga I n PSOft^tt* 

«B«rMOC v Dffimj: 0 igJSK'r&ii^cco^rttiR u 

m<DjmmZ* Zn S e»O<t^»«t0&4SB*MB 

«fctr». 

[0104] Kt, ±83Htt©0«rB, J&l O^ft 

^20, go<DffriostR2 1. 9i*4Mtr«tm 
Efc-r&ct: occur (ML. pjm^tcAjc^rsw 40 

mi»{br^5-->A*fc»Kfb^-f* (SiO^ 

[0105] M«c*fc, ±Ef»3©*MiO«JB-C«. A 
lGaAs»©U-1fjWR»4 0£A 1 Ga I n P^CO 

s»^tcot»r»MOfc*^ » 2 or, $ 

2<D3afc©»«rKWLfcfc© (m2<mft&*6 0 ) 50 
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[0106] MtS/c, ±ffiHIS©?BJ8-CW:, IB 1 O 
ft*JR J f2 0, 9 0 t^2 0a*JR J f-3 0, 6 0i^S 

OTBMB Lfc*». X^Sf* 11. 17 O— ffiWKcSI 1 CD 
AJHft^O. 9 0*a»»JBT4C<5:fcBHftr*4. 
Etc. q*i4*4i*««a^Sft*»»©»«*^«:«IB 

-r^ci^pTfi^-c^^o scorns, »*iRfi«Bi— -c* 

[ 0 1 0 7 ] MCCS/C ±EIW«>»*Ctt, * 1 

7t*T-2 0. 9 oo^a5* s ior*^>ia^tcoi^Tift 

sift*, s& 1 (oftum* 20.90 Httfto&Ksis* 

[0108] HCC$/c, ±eX*D*»-Ctt. IS2£>lfc 
3HR*3 0. 6 0#2o©U~tfR«»*«TS*H£* 
Wc*tfT8M8Lft:#. »2<0*jHR : ? L <DU-1f*lgfflJ 

i&&coi>r« v B— x$>->x kcfcou M&->n>-t& 

[0109] m^xitc. JJBHit©*»-ett, m2co 
^Tt^T-3 0, 6 0 ^ir****^ « 1/ ? ^ao^iftfl 

Fa©^»fiu-ifr*s«^«:fciiSffl-r*c4^r 

[0 110] Mcc^/c, ±i»«©»«rtt % 3E»»# 
11. 1 7«r«nJfr*«»«:^c>rA#«**efrtti8 

HfS(*1 14«SW*J:^tt:b*t3&s. »3©WS©»« 
[0111 ]»n^r^/c ±ibsi*bo»«-c«. ^' y^- 

-5>1KJRWT*RHC. 3tJ*»2«:J:Di»tt3a«H*l 
l, l 7*3a*f*J:5K:o/fc*«. 3E»»2K:«MB64 
Rtf. ^CD$Sg^(DjtCC5t}#S» 1 1 . 1 7 4tsat^ 
XOlClsXixZlK 

[0 112] WteStc, ±Kltt©JB»"Ctt. ft**^ 
F (lic^it emittinq diode; LE 
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[0113] 

[0114] 4#tC. «|*II3i2ttO**«HtCcfctl«, 

[0 1 1 5] *fc. »3»B5IBtt©«*aSBftCj:titf. 
BUMS****** 3B«7t*<05%O*«K<i*>ia 

i 5 birte*©^ < ± i>mm±*^t?*m&m 

SWft<D«fifiMtt*HI»^Itt-c*&. J: or, c©?«fcB 
■*^K«:«tt-rtitf , <* 0 Wtt«*#*SB4*B"r 

[0 1 16] MCC, «*3B6Kttoa*itBtcJ:ntf, 20 

3B«i7C«09%0^>tt< itliiS 
BK7c3RO5%O^30:<it>a*<fc*^a j ft«J*l I 
I - vmit&&¥m&*tc\ZVy r A TCc£ OMt^ 

[0117] fln*-c 4iWJii*si ststt 

«fc5«:Lfc©-C, *tt«ft*B*C£#r**£#«:, 30 

[0 l ] *IHB©* l ©IHS<D^S8CC^4«*S6BOfll 
fltSra-TKBH-C**. 

[H2 ] 0 l CC^l/fc#Wfc*6B* l lRlft3*ite-'<9 

©B«s*«*»#»wtt»B-c* 

[H3 ] 0 l cc*l/fc«6i8B©Bift*8fe«lftWf *fc 
[H4] ■3(Ctt<«ifeXB«MBr&fci60KBBr 40 
[H5] H4«:«<»JSXB*ttW*"*fc«>©»rBH-C 
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[06] B5(C«<»BI«*«Wr*fc»©KBBr 

[0 8 ] *»?H©»2 ©lt*fi©»SS^«4§*^HOl« 
[0 9] B8«c^UfcAXMBoaCB^«im a r«/c 
[010] B9K:tt<«JSXe*tt^4^»©»rBB 
[0 1 1 ] Ell 0tctt<»JftXtl«:»iWr4fci«>©Wrffi 
[012] B8 CC^Lfc«3e*6ffi«rffll^«^S*0« 
[0 1 3 ] 0 1 2CC^L/ca^»B©Sa*lslK«>HaB* 

a-rHWEB-c**. 

[014] *»93©»3<Og|Jli(C>»BtCffi4«3(6«BtO 
B0E4»-rWBBr**. 

[0 1 5 ] 01 4CC7ftOfc«jteKB©»Sfi*ffi*»W-r 
[016] ^(D»*JW©-«aEW**rKfflB"C* 
[017] f^cDRjesSBoffioaflEBftSTIKffiBr 
[018] f**0**«KOHCCfl&©«fi!Eff!l*«-r»fB 
[«W©BW] 

l.«-rC»*-y, 2 3-Bffc 4a-4d- 
b*>, 5a^5d-f6i'J>^ 6b^6 d-9-f+, 
10 A. 10B. 10C-**«B. 11. 
Si*. 12. 15. 16. 18-J8BB. 1 4 -MSB 
B. 13, 17a, 17b. 19 -SB. 20, 9 0- 
BKQBXB?-. 2 1. 9 1-*1©BR. 2 2. 4 
1. 52. 72-nI^7^HI l 2 3. 4 2. 5 3. 
7 4-rStti, 2 5, 43. 54, 7 B-pS^7»F 
IB, 2 6, 8 0-pB3>*^ HJB, 2 7-BBB. 2 
8, 4 6, 5 7, 8 2-pffllBffi. 2 9, 3 3, 9 4- 
nffliimei, 30, 6 0-»2<D»56*^ 3 1-B2© 
3 2. 5 1, 7 1. 9 2 »^77tI, 4 0. 5 
0, 7 0 - U— !fB«B. 4 4. 5 5. 7 7-pfi+t 
9^B, 4 5. 5 6. 8 l-«ifc:/n?2«J$IL 9 3- 
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t$B3 2 0 0 1 - 2 3 0 5 0 2 



mi } 



II 2] 



40- 




10B 



121 

j 



120 



C^) O O O 0---0 

o o o o o o— o 
o o o o o o-o 
o o o o o o— o 

• • 

6 6 6 6 6 6---6 



[12} 




(15) 



*$Hg 2 0 0 1-230502 



[03] 



an© nfi %it ps p<s 

21 22 23 24 26 26 



[04] 



»2« n£J pSI p9 

31 32 41 42 43 




851© 



nffl 



20 



Ri 41 42 43 44 



pfl 

29 21 22 23 24 28 26 25 27 14 13 





[06] 



[05] 



58 51 52 53 55 54 56 



45 41 44 42 43 45 



p5) pSJ 

KB ***r« 

54 55 31 32 41 42 43 44 



nffl 

51 52 53 




(16) 



mm 2 0 0 1 - 2 3 0 5 0 2 



[07] [09] 




mm® 



[i8] 



(17) ftm 2 0 0 1 - 2 3 0 5 0 2 

[HI 0] [011] 




[013] [015] 

124 108 125 ff$14> nffl 




(18) 



ttBa 2 0 0 1 - 2 3 0 5 0 2 



[El 14] 




[017] 



LDt LD2 




(19) 



200 1-230502 



F £ - A ) 5F041 AA12 AA33 AA44 CA04 CA05 
CA14 CA34 CA35 CA36 CA40 
CA41 CA43 CA44 CB28 CB29 
DA33 FF16 
5F073 AA51 M74 AA83 AB06 BA06 
CA05 CA07 CA14 CA22 CB10 
EA07 EA28 FA14 



